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      Nanotechnology

      Nanotechnology. The latest news on  nanoscience, nanoelectronics, science and technology. Updated Daily.


      
        Tiny 'heat bombs' made from biodegradable polymers could precisely target and treat diseased cells
        Cornell researchers have developed a new way to safely heat up specific areas inside the body by using biodegradable polymers that contain tiny water pockets, which are then activated by near-infrared laser. The technology could lead to precise and noninvasive diagnostics and therapeutics, perhaps to fight cancer.

      

      
        'Electron shower' technique unlocks advanced piezoelectric films for next-generation electronics
        Our everyday lives are so riddled with electronics that we hardly notice them anymore. When we casually reach for our smartphone, we rarely think about how complex this device is. Hundreds of tiny components work together within it--each of them a high-precision masterpiece of engineering.

      

      
        Physicists build microscopic 'trampoline' to improve sound wave control in microchips
        The wildest trampoline in the world swings sideways and "around corners." Yet, no one can jump on it, because it's not even a millimeter tall. Physicists from the University of Konstanz, the University of Copenhagen, and ETH Zurich designed and constructed it. Why? The aim is to demonstrate improved methods of phonon transport--for example, for use in microchips, where phonons are directed through tight bends. The research is published in the journal Nature.

      

      
        Magnetic surface enables precise atomic migration at near absolute zero
        Adatoms are single atoms that get adsorbed onto the surface of a solid material and are known to hop randomly from one spot to another. In a recent study published in Nature Communications, a group of scientists from Germany demonstrated that single atoms can be steered in a chosen direction at near absolute zero temperatures (4 Kelvin), provided the surface being used is magnetic in nature--a discovery that can open up new possibilities for precise control of atomic motion, a sought-after ability...

      

      
        Fighting poultry disease with mRNA: Researchers pioneer nanoparticle approach
        Researchers from UConn's College of Agriculture, Health and Natural Resources (CAHNR) and College of Liberal Arts and Sciences (CLAS) have demonstrated that a novel protein-based nanoparticle can make mRNA vaccines more effective to tackle a troublesome pathogen in chickens.

      

      
        A fresh new way to produce freshwater: Sonicated carbon nanotube catalysts
        Water is one of the most precious resources on the planet. Freshwater is vital for humans, animals, and plants--but it can become contaminated from overflowing stormwater and surface water. We are already starting to feel the squeeze on our tight water supply, so we can't afford to waste a single drop.

      

      
        Semi-damascene integration approach enables achievement of 16nm pitch Ru lines with record-low resistance
        At the 2025 IEEE International Interconnect Technology Conference (IITC), imec, a research and innovation hub in nanoelectronics and digital technologies, has presented Ru lines at 16nm pitch with average resistance as low as 656O/mm. The 16nm pitch metal lines were fabricated using a semi-damascene integration flow optimized for cost-effective manufacturability, making it an attractive approach for fabricating the first local interconnect metal layer of the A7 and beyond technology nodes.

      

      
        Transparent coating can prevent growth of algae on underwater solar cells
        DTU researchers have developed an important coating for underwater drones and solar cell platforms. The coating will not adorn the drones in different colors, but rather act as a self-polishing layer that keeps algae and other biofouling away from the drones' built-in solar cells when they are on missions below sea level.

      

      
        Engineered nanostructures boost CAR T-cell potency and longevity for cancer therapy
        Our immune system is designed to protect us by recognizing and attacking infected or abnormal cells. However, cancer cells often manage to "cheat" the immune system by pretending to be healthy cells and thus disabling immune cell attack mechanisms.

      

      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

    

  
	
	Articles
	Sections
	Next



Tiny 'heat bombs' made from biodegradable polymers could precisely target and treat diseased cells

										

    
        
            [image: Biodegradable 'heat bombs' safely target specific cells]
             
                Credit: ACS Nano (2025). DOI: 10.1021/acsnano.5c06276
            
        

    


Cornell researchers have developed a new way to safely heat up specific areas inside the body by using biodegradable polymers that contain tiny water pockets, which are then activated by near-infrared laser. The technology could lead to precise and noninvasive diagnostics and therapeutics, perhaps to fight cancer.



										      
																																	The findings were reported in ACS Nano. The lead author is postdoctoral researcher Jinha Kwon.

The project began when Zhiting Tian, associate professor of mechanical and aerospace engineering in Cornell Engineering and the paper's senior author, wanted to apply her lab's expertise in nanoscale thermal transport and energy conversion--which has applications ranging from microelectronics to space exploration--to biomedicine.

First, she needed to find the right delivery system.

In 2014, she came across a paper about polylactic-co-glycolic acid (PLGA) polymers that could be triggered by near-infrared light and release drugs. The polymer itself couldn't absorb near-infrared light, but the authors hypothesized that perhaps water was trapped inside it and that confined water was what reacted to the light and enabled the drug release.

That approach was particularly intriguing to Tian because, unlike the gold nanorods or semiconducting polymers that have been used for similar purposes, PLGA polymers are biodegradable--so they won't pose any long-term risk to the body, and they are already approved by the Food and Drug Administration.

Tian was eager to test their hypothesis, but at the same time, she was still stuck on where and how to apply PLGA as a local heater. In 2022, she saw a study from a team led by professor Guosong Hong at Stanford University that used near-infrared light to heat up temperature-sensitive ion channels and control targeted deep-brain neural activities. The pieces began to fit together.


																																						
    
     




																																			"I got very excited about that work because if the neuron activities can be activated or inhibited by localized heating, that means we could use those PLGA particles for that purpose," Tian said.

She decided she wanted to learn more, so she did a very academic thing. She went back to school--and spent a semester in Stanford for her sabbatical.

"I visited the group whose paper I read, and I stayed in their lab. I went to meetings, I watched them doing the experiments and I attended the class the PI taught every week," Tian said. "It felt so good to be a student again, and I could take notes and learn all those new concepts. It was fun."

Tian returned to Cornell with a deeper understanding of neuromodulation and how to combine it with her lab's work in measuring thermal transport and her materials background.

But one area her team hadn't much experience with was conducting in vitro cell experiments, so they turned to the lab of Nozomi Nishimura, associate professor of biomedical engineering in Cornell Engineering, for experimental support.

The researchers tried two different methods--single and double emulsion--to produce the PLGA nanoparticles. They ultimately found that single emulsion--whereby water pockets are not introduced intentionally, but rather high-frequency sound waves cause water molecules to diffuse into the particles, becoming confined--resulted in smaller water pockets that, counterintuitively, could reach a higher temperature.
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																																			"The trick is the water behaves differently when confined in the tiny spaces. It heats up more efficiently than the normal bulk water," Tian said. "And we have a polymer layer that acts like a thermal insulator to trap the heat inside and keeps it from escaping too quickly."

That process provides the necessary contrast between the photothermal agent, i.e., the confined water in the polymer, and the cellular environment, producing localized heat.

In addition to neuromodulation, another promising application of the technology is hyperthermia therapy, in which cancer cells are destroyed by heat so that chemotherapy and radiation treatment can be more effective.

"You want to be very targeted, local and precise, and increase the temperature of the cancerous cells, but without hurting the healthy tissues," Tian said. "For now, we can sort of understand what's going on with the fundamental mechanisms inside. We did the cellular test so we can see that the particles are safe, and they don't interfere with the key cellular functions. I think the next big step is to move to in vivo testing, where we apply this to animal models and see the impact."


																																																					
																				
																						More information:
												Jinha Kwon et al, Biodegradable PLGA Particles with Confined Water for Safe Photothermal Biomodulation, ACS Nano (2025). DOI: 10.1021/acsnano.5c06276
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            [image: Novel manufacturing technique for piezoelectric thin films]
             
                Argon plasma in the vacuum chamber during magnetron sputtering, with the substrate in the center of the photograph. Credit: Empa
            
        

    


Our everyday lives are so riddled with electronics that we hardly notice them anymore. When we casually reach for our smartphone, we rarely think about how complex this device is. Hundreds of tiny components work together within it--each of them a high-precision masterpiece of engineering.



										      
																																	These rarely noticed components include radio frequency (RF) filters. They ensure that a device only receives the correct signals, whether via Wi-Fi or mobile networks. Every device that communicates wirelessly contains such filters. They are often based on piezoelectric thin films. Piezoelectric materials have a special feature: They generate electric charges when they are deformed and change shape in return when an electrical voltage is applied.

In addition to RF filters, piezoelectric thin films are used for many other components in microelectronics, whether as sensors, actuators or tiny energy converters. Additional applications, such as quantum technologies, are the subject of ongoing research.

However, one thing is clear: For such thin films to do their job, they need to be of a very high quality. Depending on the composition and function of the thin film, this calls for different manufacturing processes.

Empa researchers from the Surface Science & Coating Technologies laboratory have developed a new deposition process for piezoelectric thin films. The novelty: Their method allows the high-tech layers to be produced at very high quality on insulating substrates and at relatively low temperatures--a first in the field.

The researchers have published their results in the journal Nature Communications and applied for a patent for the process.


																																						
    
     




																																			New strengths for a well-known process

The researchers used a common technique called HiPIMS--short for high power impulse magnetron sputtering--as their starting point. Magnetron sputtering is a coating process in which material is deposited from a solid precursor material--the target--onto the component to be coated--the substrate. To achieve this, a process-gas plasma is ignited at the target.

The process-gas ions--usually argon--are then shot at the target, knocking out atoms that subsequently land on the substrate to form the desired thin film. Many materials can be used as targets. For piezoelectric applications, metals are commonly used, often with the addition of nitrogen to produce nitrides such as aluminum nitride.

HiPIMS works in almost the same way--except that the process does not take place continuously, but in short, high-energy pulses. This not only means that the ejected target atoms travel faster--many of them are also ionized on their way through the plasma. This makes the process interesting for research.

In contrast to neutral atoms, ions can be accelerated, for example, by applying a negative voltage to the substrate. Over the past 20 years or so, this approach has been used to produce hard coatings, with the high energies resulting in especially dense and durable layers.

However, until now, this process was not viable for piezoelectric thin films. This is because applying a voltage to the substrate does not only accelerate the film-forming target ions, but also argon ions from the process gas. This argon bombardment must be avoided.
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																																			"Several percent of argon can sometimes be incorporated in hard coatings," says Empa researcher Sebastian Siol. "Piezoelectric thin films often operate under high voltages. Here, such impurities could lead to a catastrophic electrical breakdown."
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                The team led by Empa researchers Jyotish Patidar (left) and Sebastian Siol has enabled the production of high-quality piezoelectric thin films using the HiPIMS process through clever timing. Credit: Empa
            
        

    



Nevertheless, Siol's team believed in the potential of HiPIMS for piezoelectric thin films. The high energy with which the ions fly towards the substrate is extremely advantageous. If the ion hits the substrate with sufficient energy, it remains mobile for a short time and can find an optimal position in the growing crystal lattice. But what can be done about the undesired argon inclusions?

During his doctoral thesis, Jyotish Patidar developed a clever solution. Not all ions arrive at the target at the same time. The majority of argon ions are located in the plasma in front of the target. This means that they often reach the substrate before the target ions, which first must be knocked out of the target and then have to cross the entire distance to the substrate.

Patidar's innovation was in the timing. "If we apply the voltage to the substrate at exactly the right moment, we only accelerate the desired ions," Siol explains.

The argon ions have already flown past at this point--and without the additional acceleration, they have too little energy to be incorporated in the growing film.


																																						
    
     




																																			'Electron shower' as a flight controller

Using this trick, the researchers were able to produce high-quality piezoelectric thin films with HiPIMS for the first time--with a performance equivalent to or even better compared to conventional methods.

Now came the next challenge: Depending on the specific application, thin films need to be produced on insulating substrates, such as glass or sapphire. However, if the substrate is non-conductive, no voltage can be applied to it. Although there is a method in industry to accelerate the ions anyway, this also often leads to argon inclusions in the layer.

This is where the Empa researchers achieved a breakthrough. To accelerate the ions onto the insulating substrate, they use the magnetron pulse itself--the short impulse that shoots the process gas ions onto the target.

The plasma in the chamber contains not only ions, but also electrons. Each pulse from the magnetron automatically accelerates these negatively charged elemental particles onto the substrate. The tiny electrons reach the target much faster than the much larger ions.

Normally, this "electron shower" is not relevant for the HiPIMS process. However, when the electrons arrive at the substrate, for a fraction of a second, they give it a negative charge--enough to accelerate the ions.

If the researchers trigger a subsequent magnetron pulse at exactly the right time interval, the electron shower accelerates the target ions that started their flight during the previous pulse. And of course, the timing can also be adjusted so that only the right ions end up in the thin film.


																																			From chips to qubits

The results are impressive: "With our method, we were able to produce piezoelectric thin films on insulating substrates just as well as on conductive ones," summarizes Siol.

The researchers have termed the process Synchronized Floating Potential HiPIMS, or SFP-HiPIMS for short. The big advantage: With SFP-HiPIMS, piezoelectric thin films can be produced at very high quality at low temperatures. This opens up new possibilities for the production of chips and electronic components, which often cannot withstand high temperatures.

The technique for insulating substrates is particularly important for the semiconductor industry: "Many production tools in the semiconductor industry are designed in such a way that there is not even a possibility to apply an electrical voltage to the substrate," says Siol.

In the next step, he aims to work on the development of ferroelectric thin films with his team--another key technology in current and future electronics.

Based on this success, the Empa researchers are also launching several collaborations with other research institutions to bring their thin films into applications ranging from photonics to quantum technologies. And finally, they want to further optimize the innovative process with the help of machine learning and high-throughput experiments.


																																																					
																				
																						More information:
												Jyotish Patidar et al, Low temperature deposition of functional thin films on insulating substrates enabled by selective ion acceleration using synchronized floating potential HiPIMS, Nature Communications (2025). DOI: 10.1038/s41467-025-59911-y
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Physicists build microscopic 'trampoline' to improve sound wave control in microchips
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                A topological waveguide for phonons with ultralow loss. Credit: Nature (2025). DOI: 10.1038/s41586-025-09092-x
            
        

    


The wildest trampoline in the world swings sideways and "around corners." Yet, no one can jump on it, because it's not even a millimeter tall. Physicists from the University of Konstanz, the University of Copenhagen, and ETH Zurich designed and constructed it. Why? The aim is to demonstrate improved methods of phonon transport--for example, for use in microchips, where phonons are directed through tight bends. The research is published in the journal Nature.



										      
																																	Imagine a trampoline that is 0.2 millimeters wide with a surface that is barely 20 millionths of a millimeter thick and full of holes. The entire surface contains a pattern of regularly-recurring rounded off triangular holes. Yet, this trampoline is virtually unstoppable and loses almost no momentum. Once set in motion, it would swing on almost forever.

The trampoline is not just limited to swinging up and down. In different regions of its perforated surface, the trampoline simultaneously swings in different directions, even sideways. In the center, there is even a kind of "trampoline within the trampoline." And, wildest of all, here is where oscillations move "around the corner," in a perfect triangular pattern.

So why design this trampoline if nobody can jump on it? Of course, this construction was not designed for people to use. The brains behind the trampoline--physicists from the University of Konstanz, the University of Copenhagen, and ETH Zurich--want to use it to demonstrate new methods of phonon transport.



    
        
            [image: A phonon's trampoline]
             
                Valley-Hall topological insulators and edge states in a thin stressed membrane. Credit: Nature (2025). DOI: 10.1038/s41586-025-09092-x
            
        

    



The "trampoline" is actually a waveguide for phonons: a vibrating, ultra-thin membrane made of silicon nitride. Phonons are, so to speak, "sound quanta," i.e. the elementary excitations on which vibrations of the crystal lattice of a solid are based.


																																						
    
     




																																			Using the trampoline, the physicists want to demonstrate how phonons can be directed "around corners" by means of a unique surface structure (based on mathematical topology principles) with practically no loss of momentum. This is important, for example, in microchip circuits where signals are to be directed around edges and curves.

The results are impressive: using the trampoline, phonons can even be directed around tight, 120-degree curves with virtually no loss of momentum. The amount of phonons that "bounce back" instead of going around the curve is less than one per ten thousand. "This ultra-low loss is on par with contemporary telecommunication devices," Konstanz physicist Oded Zilberberg says.

Zilberberg is interested in studying exactly these kinds of topological effects in surface structures and how they can be used in applications. He thinks that, with this method, it could be possible to build entire roads for phonons. Zilberberg created the trampoline's specific design. His colleagues from the University of Copenhagen and ETH Zurich then put the idea into action.

But, would it be possible to build the trampoline for people to jump on? "I actually have thought about that," Zilberberg smiles. "It would definitely be a fun experiment. I assume that the principle would also work with a larger scale object." However, no one should try the "human-sized" version of the trampoline without wearing a helmet.


																																																					
																				
																						More information:
												Xiang Xi et al, A soft-clamped topological waveguide for phonons, Nature (2025). DOI: 10.1038/s41586-025-09092-x
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Magnetic surface enables precise atomic migration at near absolute zero
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                Atoms can be directed in a specific direction on a magnetic surface. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-60086-9
            
        

    


Adatoms are single atoms that get adsorbed onto the surface of a solid material and are known to hop randomly from one spot to another. In a recent study published in Nature Communications, a group of scientists from Germany demonstrated that single atoms can be steered in a chosen direction at near absolute zero temperatures (4 Kelvin), provided the surface being used is magnetic in nature--a discovery that can open up new possibilities for precise control of atomic motion, a sought-after ability in the field of nanotechnology, data storage and functional materials.



										    
																																	The researchers placed individual cobalt, rhodium, and iridium atoms on a 1-atom-thick manganese surface to create a magnetically well-defined surface and studied the migration behavior of adatoms using a scanning tunneling microscope (STM) at a temperature of 4 K.

According to established findings from nonmagnetic surfaces, atomic movement is usually governed by surface symmetry. In a hexagonal manganese monolayer like the one used in the study, atoms would be expected to migrate randomly in any of six directions. Yet in a surprising twist, researchers found that when a short, localized voltage pulse from the STM was applied, the atoms consistently moved in just one direction.



    
    
    
        
        
    
            
            Kicking of single Co atoms on the row-wise antiferromagnetic state of Mn/Re(0001). Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-60086-9
  

Atomic and molecular diffusion on surfaces is a fundamental process in surface chemistry as it is crucial for the growth of nanostructures and films and underpins a wide range of chemical reactions, including catalysis and molecular self-assembly. Understanding the real-time dynamics of atom motion and their behavior under various surface conditions and external stimuli is essential for optimization in surface science.

Studies exploring atomic motion on non-magnetic surfaces have found that the underlying surface symmetry plays a crucial role in guiding their movement, often exhibiting isotropic diffusion (the same diffusion in every direction) on high-symmetry surfaces. While non-magnetic surfaces and surface symmetry have been extensively studied, the influence of magnetism on diffusion remains largely unexplored experimentally. This is despite theoretical predictions suggesting that magnetism has a strong influence on adatom diffusion, particularly on ferromagnetic and antiferromagnetic surfaces.


																																						
    
     




																																			In the study, the researchers designed a magnetically ordered surface by vapor-depositing a single layer of manganese (Mn) atoms onto a rhenium (Re) substrate. This precise arrangement created a hexagonal crystal structure with a row-wise antiferromagnetic state, where the magnetic moments alternate direction from one atomic row to the next.
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                Kicking Co atoms on a row-wise antiferromagnet. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-60086-9
            
        

    



Individual atoms of the magnetic element cobalt (Co) and the non-magnetic elements rhodium (Rh) and iridium (Ir) were deposited onto the Mn/Re surface, and their motion was triggered using local voltage pulses from the STM tip. Images from STM showed that the atoms strictly moved one-dimensionally along rows of parallel spins, and cobalt was the one to move the furthest when initiated by voltage pulses.

Simulations reveal that atoms move more easily along the magnetic rows of the surface than across them due to magnetic interactions between the adatom and the surface atoms, where both act like tiny bar magnets. In the case of magnetic cobalt atoms, this interaction occurred due to their own magnetic moment. However, for nonmagnetic atoms like rhodium or iridium, the movement is guided by a small magnetic moment induced by the surface itself.
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                DFT minimum energy paths and energy barriers for Rh, Co and Cu atoms on Mn/Re(0001). Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-60086-9
            
        

    



This study reveals a novel way to control the movement of individual atoms using magnetism. Unlocking directional control at the atomic level is a game-changer for designing powerful technologies with atomic precision, from nano-engineered materials to quantum circuits.


																																																					
																				
																						More information:
												Felix Zahner et al, Anisotropic atom motion on a row-wise antiferromagnetic surface, Nature Communications (2025). DOI: 10.1038/s41467-025-60086-9
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Fighting poultry disease with mRNA: Researchers pioneer nanoparticle approach
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                Credit: Vaccines (2025). DOI: 10.3390/vaccines13060568
            
        

    


Researchers from UConn's College of Agriculture, Health and Natural Resources (CAHNR) and College of Liberal Arts and Sciences (CLAS) have demonstrated that a novel protein-based nanoparticle can make mRNA vaccines more effective to tackle a troublesome pathogen in chickens.



										      
																																	Mazhar Khan, professor in the Department of Pathobiology and Veterinary Science, Challa V. Kumar, emeritus professor in the Department of Chemistry and graduate students Anka Rao Kalluri and Aseno Sakhrie collaborated over several years and have published their findings in the journal Vaccines.

Infectious bronchitis virus (IBV), a rapidly spreading coronavirus, is a major concern for poultry farmers in the U.S. and worldwide. Poultry farmers lose millions each year due to this disease.

Currently, farmers use live attenuated vaccines or killed vaccines to combat the virus. However, these kinds of vaccine come with a series of challenges. The virus could reactivate, mutate, or recombine to create a vaccine-resistant or more severe strain. These vaccines also have a shorter shelf life and require additional compounds, known as adjuvants, to be effective.

The researchers have developed an effective mRNA IBV vaccine alternative.

mRNA vaccines, like the human COVID-19 vaccines, do not contain any live virus. Instead, the mRNA encodes a piece of the virus' genetic code, specifically the spike protein that is responsible for triggering the immune response and trains the immune system to respond to the protein.

Yet, mRNA vaccines still have some limitations, namely their lack of stability. mRNA vaccines break down quickly and need to be kept in temperature-controlled settings, something that poses a challenge on poultry farms.


																																						
    
     




																																			In a key advancement, Khan and Sakhrie are using a novel nanoparticle that protects the mRNA from breaking down quickly.

This particle was invented by the Kumar group for applications in biology. It was Kumar who convinced the team to work on mRNA vaccines, long before COVID vaccines arrived. Early hurdles were to efficiently complex the nanoparticles with target mRNA. Kalluri solved this problem by covalently attaching positively charged amine groups to the particle. The positively charged particles capture the negatively charged mRNA and stabilize it. Sakharie and her colleagues carried out detailed cellular and animal studies using these nanoparticle-mRNA complexes.

"This project highlights how collaborations across campus are making rapid progress in solving complex scientific problems," says Kumar.

Amino groups attached to the particle surface not only stabilize the mRNA but also protect it from hydrolysis by nucleases, enzymes that break down the nucleic acids that make up DNA and RNA, in the body.

"The nanoparticle will keep it more stable, and it will deliver the vaccine to the cells where it will express the desired mRNA," Sakhrie says.

The nanoparticles are made by modifying bovine serum albumin, a readily available, affordable and non-toxic protein that is a waste product of commercial beef production.
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																																			The team's studies have shown that chickens vaccinated with the nanoparticle mRNA vaccine showed a 1,000-times increase in antibodies against IBV compared to the unvaccinated control group. Their work has also demonstrated that immune cell activity increased in the vaccinated chickens, which indicates the vaccine boosts the entire immune system to fight off infection.

With these promising results, the researchers are now investigating a more effective vaccination method.

Traditionally, farmers need to individually inject baby chicks with the vaccine, a time-consuming project for the farmers and a stressful one for the chicks.

The team is evaluating if, instead, the vaccine can be administered via a spray on the chicks. This would allow farmers to vaccinate large flocks quickly and without stress to the animals.

While IBV is not currently a concern for human health, using the nanoparticles to enhance the stability of mRNA vaccines has the potential to improve human vaccines. Essentially, researchers could plug the genetic code of an emergent disease into the nanoparticle vaccine platform to quickly develop an effective mRNA vaccine. This platform technology can be tuned to various other disease vectors in the future.

"We can use the nanoparticle for human vaccines," Khan says. "The timing for vaccine development is very short, we just need the specific sequence of the gene."


																																																					
																				
																						More information:
												Aseno Sakhrie et al, Nanoparticle-Based mRNA Vaccine Induces Protective Neutralizing Antibodies Against Infectious Bronchitis Virus in In-Vivo Infection, Vaccines (2025). DOI: 10.3390/vaccines13060568
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A fresh new way to produce freshwater: Sonicated carbon nanotube catalysts

										

    
        
            [image: A fresh new way to produce freshwater: Sonicated carbon nanotube catalysts]
             
                Synthesis and characterization of sonicated CNT catalysts. Credit: Advanced Materials (2025). DOI: 10.1002/adma.202504618
            
        

    


Water is one of the most precious resources on the planet. Freshwater is vital for humans, animals, and plants--but it can become contaminated from overflowing stormwater and surface water. We are already starting to feel the squeeze on our tight water supply, so we can't afford to waste a single drop.



										      
																																	Thankfully, contaminated water sources can be rejuvenated again as freshwater via advanced oxidation processes (AOPs). Researchers at Tohoku University made a breakthrough by using sonicated carbon nanotubes (CNTs) to enable a reaction pathway that can pinpoint specific contaminants and break them down to help save our water. The findings were published in Advanced Materials on May 21, 2025.

"Previously used AOP methods were nonselective, and degraded both pollutants and background water constituents indiscriminately," explains Professor Hao Li of Tohoku University's Advanced Institute for Materials Research (WPI-AIMR). "Our method overcomes this by using a more selective nonradical pathway."

The nonradical pathway uses singlet oxygen and rapid, direct electron transfer. This process allows for common industrial and municipal pollutants to be removed within five minutes, at an unprecedented removal rate (4.80 mmol g[?]1 s[?]1). This strategy also works effectively under varied water conditions, such as different pH levels and in the presence of different organic matter.



            	
            
                [image: A fresh new way to produce freshwater: Sonicated carbon nanotube catalysts]
                 
                    Catalytic performance of carbon catalysts with PMS. Credit: Advanced Materials (2025). DOI: 10.1002/adma.202504618
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                    DCP removal mechanism by the sonicated CNT catalysts. Credit: Advanced Materials (2025). DOI: 10.1002/adma.202504618
                
            

        

    

"Another benefit of our method is that the catalysts produced can be scaled up, they show superior catalytic performance and are easily integrated into flat membranes and hollow fiber devices for continuous water filtration. This makes the technology practical and adaptable for real-world applications," remarks Li.


																																						
    
     




																																			In addition, centralized treatment plants are expensive and usually require multi-step, complex water treatment processes. The method proposed in this study targets distributed water sources (like stormwater or river water), as an efficient, point-of-use treatment technology. Solid oxidants used in AOPs are easy to store and transport, so they can be brought right to the water source in question.

The next steps of this project will focus on enhancing the long-term stability and anti-fouling performance of the catalysts in real water conditions, expanding their applicability to a broader range of contaminants--particularly electron-deficient organics--and further engineering surface functional groups to improve catalytic activity. This fresh take on freshwater production represents a potentially huge improvement in techniques for replenishing an indispensable resource.


																																																					
																				
																						More information:
												Xin Yang et al, Sonicated Carbon Nanotube Catalysts for Efficient Point-of-use Water Treatment, Advanced Materials (2025). DOI: 10.1002/adma.202504618
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Semi-damascene integration approach enables achievement of 16nm pitch Ru lines with record-low resistance

										

    
        
            [image: Imec demonstrates 16nm pitch Ru lines with record-low resistance obtained using a semi-damascene integration approach]
             
                Four-point resistance measurements of 10mm long Ru lines at 16-22nm metal pitch. Credit: IMEC
            
        

    


At the 2025 IEEE International Interconnect Technology Conference (IITC), imec, a research and innovation hub in nanoelectronics and digital technologies, has presented Ru lines at 16nm pitch with average resistance as low as 656O/mm. The 16nm pitch metal lines were fabricated using a semi-damascene integration flow optimized for cost-effective manufacturability, making it an attractive approach for fabricating the first local interconnect metal layer of the A7 and beyond technology nodes.



										      
																																	Ruthenium (Ru) semi-damascene was originally proposed by imec as an attractive module approach to address the increasing resistance-capacitance (RC) delay concerns associated with Cu dual-damascene when metal pitches scale below 20nm. Semi-damascene is a two-level metallization module that starts with the direct etch of the first local interconnect metal layer (M0) and is potentially expandable to multiple layers.

In 2022, imec experimentally demonstrated direct etched low-resistance Ru lines at 18nm metal pitch and expanded the integration scheme towards a two-metal-level module using fully self-aligned vias (FSAVs).

Imec now presents 16nm pitch direct etched Ru lines with a record-low average resistance of 656O/mm. Forty percent of the 16nm pitch Ru line structures were shown to meet the resistance target (as predicted based on thin film resistivity), corresponding to 8nm-wide local interconnects. For the 18-22nm pitch range, full-wafer yields of 90% and higher were obtained.
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                TEM image of 16nm pitch Ru lines after Ru etch. Credit: IMEC
            
        

    



The presented semi-damascene integration flow relies on a modified EUV-based self-aligned double patterning (SADP) approach--referred to as spacer-is-dielectric (SID) SADP--in combination with direct etching of Ru. Three key elements from the integration flow are critical to achieving low resistance values and ensuring cost-effective manufacturability.


																																						
    
     




																																			The first element is the choice of cheap oxide and nitride-based materials for the hard masks, spacers and gap fill. Second is the implementation of a pattern inversion step in combination with an optimized SiO2 gap fill. Third was an improved Ru etch step during which the oxidation of the SiN hard mask was minimized to avoid line bridge defectivity.

Seongho Park, nano-interconnect program director at imec, said, "Now that the industry is picking up Ru direct metal etch, imec is looking ahead to future generations and discussing further optimizations to its semi-damascene flow as well as new integration options. In an invited paper, imec shows advances in pillar-based FSAV approaches that are key to expanding the integration towards a two-metal-level scheme.

"In other papers presented at 2025 IITC, besides Ru patterning optimization, strategies to mitigate thermally induced morphology changes are investigated. Looking further ahead, imec experimentally demonstrates an epitaxially grown 25nm thin film of Ru to result in much lower resistive interconnects, approaching for the first time the bulk resistivity of Ru in the thin film regime."


																																																					
																				
																						More information:
												Gilles Delie et al, MP16/18 integration in Ru semi-damascene using SiN-based core for spacer-is-dielectric SADP. iitc2025.org/program.php
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            [image: Researchers develop a transparent coating that prevents the growth of algae on underwater solar cells]
             
                Several iterations of the coating were tested under water before the researchers found the right recipe for the anti-fouling coating. Credit: Narayanan Rajagopalan.
            
        

    


DTU researchers have developed an important coating for underwater drones and solar cell platforms. The coating will not adorn the drones in different colors, but rather act as a self-polishing layer that keeps algae and other biofouling away from the drones' built-in solar cells when they are on missions below sea level.



										      
																																	The transparent coating was designed by Professor Soren Kiil from DTU Chemical Engineering, who in collaboration with Assistant Professor Narayanan Rajagopalan, Laboratory Manager Claus Erik Weinell, and a group of students. It allows the sun's energy to pass through, while also preventing algae and other fouling materials from shielding the solar cells.

SOS from the US Navy

Underwater drones are used for a variety of tasks across the world's oceans, including surveying the seabed, surveillance and other inspections. But for the drones to function, they must be able to absorb solar energy when the drones position themselves on the ocean surface.

The Office of Naval Research, which develops science and technology programs for the U.S. Navy and Marine Corps, approached DTU and some companies and asked each of them to come up with a solution to the problem.

"Within a few weeks, I came up with an idea and put together a team. Through experimental studies and trials at our test station in Hundested Harbor, we have proven that the idea works. Our coating functions for up to three months without the need for mechanical cleaning of fouling," Kiil says.

The research team sent transparent panels with the newly developed coating to Florida, where the Office of Naval Research tested the coating by placing the panels under water with subsequent evaluation on solar cells.


																																						
    
     




																																			The recipe is nanotechnology

Algae-repellent coatings are already widely used in the maritime sector. About 90% of commercial shipping uses chemically active ship bottom coatings (anti-fouling coatings), which consist of complex chemical compositions with microscopic particles. The major challenge was therefore to figure out how the coating could also be used on solar cells.

"Making a coating that is both transparent and stays free of biofouling is difficult. You can hardly add anything to the coating, because it prevents the light from passing through," Kiil explains.

Therefore, it was a balancing act for the research team to find the perfect composition. When their newly developed coating comes into contact with the seawater, a self-polishing effect begins where the outermost particles in the coating gradually dissolve and are replaced by new active particles that act as a kind of shield against fouling. This way, throughout the life of the coating, new particles will constantly be ready to fight fouling as the top layer of particles dissolve.

With existing methods, a pigment layer would block the sun's rays, so the researchers had to find a new method. The recipe turned out to be inspired by a 20-year-old model simulation article.

The model predicted that by making the already small particles in the coating even smaller, from micrometers to nanometers, the particles would become sufficiently small to not leave behind a pigment-depleted porous layer that would prevent sunlight from reaching the solar cells. This allows the solar cells to absorb energy, while the particles keep the fouling away.

"We reduced the size of the particles and the amount of ingredients enough for the coating to become transparent. It turns out that nanoparticles of copper(I) oxide and zinc oxide are particularly effective against fouling because they are tiny. Even in ultra-low concentrations, they are present in the coating in very large numbers with very little space between the individual particles. Barnacles and algae therefore experience the coating as a repellent barrier," Kiil says.
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																																			Other solar cells at sea

Not only the U.S. Navy can benefit from the invention: In the North Sea, solar cells float with the movement of the waves as part of future green energy solutions. Although most solar cells are found on roofs and in solar farms, square panels that harness the sun's energy to produce electricity can also be placed on or in the ocean.

Currently, the global capacity of floating solar cells is only about 4,000 megawatts (MW), but this is expected to increase to 30,000 MW by 2030. In comparison, the total capacity--including land-based solar cells--reached 2 million MW in 2024. Although the number of floating and underwater solar cells is just a drop in the ocean compared with the total capacity, they offer the opportunity to utilize open ocean space and existing infrastructure, such as in between offshore wind turbines.

However, as with drones, underwater solar cells will also be blocked by fouling, and there is a risk that waves will cause favorable conditions for fouling on the floating solar cell platforms. Therefore, the DTU researchers also see a potential for using the new coating on solar cells underwater and on the sea surface. However, right now the next task is to develop a coating that also works on underwater sensors and cameras, which requires an even more complex coating.
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Engineered nanostructures boost CAR T-cell potency and longevity for cancer therapy

										

    
        
            [image: CAR T-cell therapy reprograms patient's immune cells to target cancer with guided attack]
             
                T cell interacting with a functionalized micropillar platform. Confocal z-stack image a T cell on the 0.5-4-0.5 surface, showing the cell membrane in red, nucleus in blue and the pillar surface in gray. Image is 18x18 mm in size and 2.5 mm in height. Credit: Advanced Materials (2025). DOI: 10.1002/adma.202412482
            
        

    


Our immune system is designed to protect us by recognizing and attacking infected or abnormal cells. However, cancer cells often manage to "cheat" the immune system by pretending to be healthy cells and thus disabling immune cell attack mechanisms.



										      
																																	Recently, this limitation has been overcome by a breakthrough treatment that helps the immune system fight cancer more effectively. This therapy involves extracting a patient's own T cells--the sentinels of our immune system--and reprogramming them in the lab to better recognize and destroy cancer cells.

During this process, the T cells are activated (like what happens in the body during, for instance, infection) and genetically modified to produce special receptors on their surface called chimeric antigen receptors (CARs), which recognize and target cancer cells of specific types.

After expanding their number, these reprogrammed cells--now called CAR T cells--are infused back into the patient, where they act like precision-guided missiles, seeking and destroying cancer cells that the natural immune system may overlook.

CAR T-cell therapy is considered a revolution in cancer treatment, offering several advantages over traditional chemotherapy. It provides precise targeting of specific cancer types, uses the patient's own immune cells for personalized therapy, and has demonstrated remarkable success in treating blood cancers like leukemia and lymphoma that often resist conventional treatments. Yet, despite its promise, CAR T-cell immunotherapy still faces challenges that limit its widespread clinical adoption.

One key issue is that T cells often become exhausted during their lab-based reprogramming, resulting in short-lived effects once infused back into the patient. To address this, researchers at Ben-Gurion University of the Negev, led by Prof. Mark Schvartzman (Department of Materials Engineering) and Prof. Angel Porgador (Department of Immunology), have been studying why T cells remain active in the body during natural immune responses but quickly lose function when activated artificially in the lab.


																																						
    
     




																																			They hypothesized that a major difference lay in the physical nature of the activating environment: in the lab, T cells are typically stimulated using stiff plastic beads coated with activating molecules, whereas in the body, T cells are stimulated by antigen-carrying, abnormal, or infected cells, which are typically soft and elastic, with complex surfaces covered in nanometric protrusions resembling tiny arms.

The researchers asked: Could T cells sense the mechanical and structural properties of the surfaces they encounter, and could this sensing affect the strength and longevity of their activation?

To explore this, they engineered artificial surfaces covered with nanostructures mimicking those on natural activating cells. They found that human T cells, taken from blood samples and activated on these artificial surfaces, exhibited significantly stronger and longer-lasting activation--as if they were in their natural environment. Moreover, they found that the activation strength could be fine-tuned by adjusting the geometry and stiffness of the nanostructures, findings they published in several papers in recent years.

Encouraged by these findings, Prof. Schvartzman and Prof. Porgador set the next ambitious goal: to design artificial nanostructured surfaces specifically optimized for generating potent CAR T cells with long-lasting immunotherapeutic activity.

To that end, they created a library of surfaces with systematically varied nanogeometries and elasticities and evaluated their impact on a number of success criteria in T-cell response, including activation, exhaustion, proliferation, and CAR reprogramming.



    
        
            [image: Ben-Gurion University of the Negev researchers several steps closer to harnessing patient's own T-cells to fight off cancer]
             
                Upscaling our platform to produce clinical amount of engineered T cells. Credit: Advanced Materials (2025). DOI: 10.1002/adma.202412482
            
        

    



"Suddenly," says Prof. Porgador, "we found ourselves overwhelmed by data from various surface designs, success criteria, in addition to the fact that T cells of multiple donors were used, each with person-specific responses. It felt like a multi-round competition, where we had to identify the best performer overall."
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																																			To find the winning design, they collaborated with their colleague Dr. Ofir Cohen, a bioinformatician who used advanced computational analysis to identify the most promising surface based on aggregate performance metrics.

The selected "champion" nanostructured surface delivered more surprises. CAR T cells generated with it expressed high levels of genes associated with long-lasting anti-cancer activity, particularly those tied to a subpopulation known as "central memory T cells," which are key to effective immunotherapy.

Indeed, CAR T cells made using this surface contained significantly more of these central memory cells than those made using conventional plastic beads. The researchers then confirmed their findings experimentally in the lab and in mouse models.

Their findings were recently published in the journal Advanced Materials.

In parallel with ongoing optimization of CAR T-cell generation methods, the researchers are now focusing on scaling up their technology and transitioning from the research lab to clinical application.

"To produce these activating nanostructures," explains Prof. Schvartzman, "we initially used nanofabrication techniques adapted from microchip production technology. The ongoing demand for ever-smaller electronic components in microchips has driven this technology to the point where structures of virtually any size--even down to the molecular level--can be fabricated.


																																						
    
     




																																			"Furthermore, the wide range of compatible materials enables the production not only of miniaturized structures from silicon, as used in microchips, but also of bioactive materials suitable for integration with living systems. However, such methods are expensive and impractical for mass production of biomedical products."

Therefore, the team developed cost-effective nanotechnological methods suitable for scalable, clinical-grade fabrication, and have already produced the first prototypes of activating surfaces able to generate CAR T cells in the amount sufficient for cancer treatment of a human adult.

To validate its technology, the research team is now collaborating with ADVA Bio, an Israeli company that manufactures bioreactors for automated CAR T-cell production. In pilot studies, the team has already fabricated large nanostructured activating surfaces sufficient for producing clinical-scale quantities of CAR T cells, now undergoing testing in ADVA's bioreactors.

The research was led by Ph.D. student Abed Al Kader Yassin and postdoctoral researcher Dr. Carlos Urena Martinas well as members of several research groups from BGU and the University of Pennsylvania.
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